Seedlings were transplanted at distance of 10x10 cm. At the harvest the following parameters were measured: leaves fresh and dry yield, plant height, number of leaves per plant and the nitrate-N content in leaves. The overall effect of the type of substrate on lamb's lettuce growth and yield in the present experiment suggests that the examined materials are suitable substrates for lamb's lettuce soilless cultivation production. The outcomes of the research point to the fact that the lamb's lettuce in perlite treatments brings greater fresh yields compared to the other inert substrates. On the other hand, peat produced higher leaf dry mass as compared to other substrates. A quantitative analysis of the nitrate-N content in leaves showed that the peat is the most effective substrate in terms of low plant nitrate concentration.
INTRODUCTION
Consumption of horticultural food crops has increased over the last few decades, especially as a result of changes in the consumer's nutritional behavior (Ferrante and Maggiore 2007) . Martín-Diana et al. (2011) pointed out, that consumers are more concerned about staying healthy and eating correctly.
Previous studies show that fruits and vegetables are a food source of several bioactive compounds (i.e. phytochemicals) (Hudina et al. 2012) . Phytochemicals that possess antioxidant characteristics are believed to contribute to the improvement of human health and disease prevention (Dorais 2007) . For example, leafy vegetables generally are a rich source of potent antioxidants (Negi and Roy 2000) . Antioxidants are agents, which scavenge the free radicals and may, therefore, help delay or prevent oxidative damage (Subhasree 2009 ). It has been also shown that leafy vegetables are a valuable part of the diet owing to their nutritive values (Ali et al. 2009 ).
Lamb's lettuce (Valerianella locusta L.) is becoming increasingly popular as a fresh leafy vegetable. This vegetable is one of the crops more produced in winter months, because do not require high temperature and has easy preparation in the alimentation human (Žnidarčič and Kacjan-Maršić 2008) . Despite a relatively large market for lamb's lettuce, alternative cultivation techniques such as hydroponics have not been sufficiently considered for improving its yield and quality (Osvald et al. 1998) .
Over the recent two decades, hydroponic growing systems have become increasingly popular among European commercial growers since they improve quantitative and qualitative characteristics of the final product. In comparison with traditional cultivation techniques in soil, the hydroponics has a lot of advantages. Most important are: production is very intensive, higher yields, crop-rotation is abandoned, less problems with pests and diseases, better crop quality if optimal nutrient solution is used, lower production costs and better control of the cultivation process. Major disadvantage of hydroponic production is that it demands a lot of knowledge and assets (Albaho et al. 2008) .
There are many types of hydroponic systems which use a variety of substrates: rock wool culture, NFT -Nutrient Film Technique, PPH -Plant Plane Hydroponics, VPHVertical Hydroponic Systems, aeroponics, water beds … Osvald et al. (1998) described thin layer system as a cultivation technique with a thin layer of growing substrate (2 to 10 cm). Some inorganic substrates such as perlite, vermiculite or rock wool are used as solid substrates, as well as some organic substrate such as peat moss and wood fibers. The substrate is sandwiched between two sheets. The top sheet is made from white polyethylene and helps reduce evaporation of the nutrient solution. The nutrient solution is delivered at the top level of the cultivation area (Schröder 1994) .
Research results indicate that growing leafy vegetables on soilless culture system is successful and interesting due to equal or even higher yield than in deep soil (KacjanMaršić-Osvald 2002) . However, selecting the suitable growing substrate is imperative for production of highquality vegetable crops. It is also important that the cultivated plants get the appropriate amount and compound of nutrient solution according to the illumination and temperature. For appropriate drainage of the nutrient solution, it is important to have slope in a row and drain reservoir. Osvald et al. (1998) mentioned that thin layer soilless systems can be settled for a short production period in winter, in a place which well illuminated.
To the best of our knowledge, however, there is little information available in literature regarding the production of lamb's lettuce in thin layer systems under greenhouse conditions. Therefore, the aim of this study was to determine the effects of different growing substrate on the yield, biometric characteristics, and quality of lamb's lettuce.
MATERIALS AND METHODS
The experiment was undertaken in a multi-span greenhouse covered with double PE-film and passive climate control on a laboratory field of the Biotechnical Faculty in Ljubljana, Slovenia (46 o 04' N, 14 o 31' W, 300 m asl.). The plants were grown under natural daylight condition, without additional illumination.
The treatments consisted of four growing substrates using vermiculite (grade 3-4 mm), peat (Humin substrate N2 Neuhaus), perlite (grade 2-5 mm) and expanded clay aggregate (grade 8-16 mm). The cultivar used was the commercially available 'Ljubljanski' (Semenarna, Ljubljana; Slovenia), which is the most popular in Slovenia. The experimental area was arranged in completely randomized block design with three replications and it was surrounded by border rows.
On the 23 rd of February 2016, after 25 days in the seedbed, the plants (when the seedlings were about 3 cm in height) were transplanted in respective substrate. Seedlings were transplanted at distance of 10x10 cm.
The thin layer system was set up on bed, with a 2% longitudinal slope for the outflow of the nutrient solution in the drain channel. The ground was covered with a black PVC film. The cultivation area was divided into 12 plots that were separated with wooden barriers, to avoid the mixture of substrates. The dimension of each plot was 1m x 1m. The substrates were evenly strewed on the PVC film at a thickness of 5 cm, so there were 50 liters of substrate per plot. At the lowest point of each plot there was a drainage channel, with a slope towards the nutrient surplus collector tank. On the upper end of each plot, we left a 10 cm wide passage uncovered, with substrates, for adding nutrition solution.
Sonneveld nutrient solution with some modifications (more K and N, less Ca) was used. The nutrients were mixed with tap water (200 mL stock solution + 50 mL Ca(NO3)2 for 12 L H2O). During the trial, the quality of nutrient solution was observed twice a week and adjusted as needed. The electrical conductivity value was measured with a portable EC meter and kept up around 1.9 mS cm -1 . The pH of the solution was measured with a pH meter and balanced between 5.5 to 6.5 by addition of 30% sulphuric acid. Solution was aerated with an air pump and applied via T-tape tube (T-tape TSX 500 Model, T-systems International) at the upper side of the plots. It was delivered on average three times per day according to the plant development stage and the weather conditions. General agricultural procedures were followed as used in commercial lamb's lettuce production.
Average minimum and maximum temperatures of 6.4 and 21.1 o C, respectively, and average minimum and maximum relative humidity of 54.4 and 89.8%, respectively were recorded during the experiment. The average global radiation (GR) in day time was approximately 13.8 MJ m -2 (Table 1 ). The data was obtained from a weather shelter located half meter above the flats at the center of the experiment benches.
At the end of 47-day culture experiment, a sample of 20 random plants from each replicate was taken to obtain yield (fresh and dry mass of leaves) and biometrical characteristics (number of leaves and rosette height). Leaf sub-samples for dry matter determination were oven-dried at 60°C in a ventilated oven to constant weight. In addition, the effects of different substrates on the nitrate-N content in leaves have also been investigated. The nitrate ion content was measured photometrical by an AutoAnalyzer II, SFASegment Flow Analysis system (Kmecl and Žnidarčič 2015).
RESULTS AND DISCUSSION

Nutrient solution
During the growing period overwatering was used to ensure sufficient irrigation of plants and to stabilize nutrient content of the substrate. However, at the end of the growing period, the plants needed more nutrient solution for growth and development. In the current experiment, we added a total of app. 840 L of nutrient solution, which is app. 70 L to each parcel. The highest volume of the drain nutrient solution was in peat (app. 4.6 L parcel -1 ) and the lowest volume was in clay aggregate (app. 3.8 L parcel -1 ). The highest average conductivity value was in drain nutrient solution with peat (4.6 mS cm -1 ) and the lowest average value was with vermiculite (2.9 mS cm -1 ). With pH measurements of the drain nutrient solution, the highest average value was in perlite (8.1). At high pH value was also present in drain nutrient solution from vermiculite (8.0). A lower pH value was measured in drain nutrient solution from the peat (7.4). In all substrates, all pH values of the drain nutrient solution were higher than in the added nutrient solution (data not shown). Leaves fresh mass At harvest, the plants showed excellent visual quality in all treatments. No symptoms of nutrient disorders or water stress were recorded. Moreover, choice of substrate made a substantial impact on the rate of plant development. In general, the plants grown in the perlite were much higher and heavier than that grown in other substrates.
The data showed that different growing substrates had a significant effect on the lamb's lettuce leaves fresh mass (Figure 1 ). Perlite showed significantly higher mean fresh mass compared with the other substrates. Our findings agree with previous investigations, which have been reported that perlite has excellent performance when used as a substrate in hydroponic culture (Djedidi et al. 1997 ). For example, in similar studies in tomato (Martinez and Abad 1992) , melon (Radhouani et al. 2010) , watermelon (Yetişir et al. 2006) , cucumber (Kacjan-Maršić and Jakše 2010) and strawberry (Jafarnia et al. 2010) , it was showed that perlite had better results than other types of substrates. Kacjan-Maršič and Jakše (2010) mentioned that better performance of perlite compared to other substrates can be related to higher water holding capacity. The low water holding capacity characterized for some substrates might have decreased the humidity in rooting zone (Gül et al. 2007 ). On the other hand, perlite which is one of the most popular artificial growing substrate worldwide, has also provides improved aeration ability, powerful capillarity, and low heat conductivity when compared to other substrates (Gül and Sevgican 1994) . Furthermore, perlite is physically stable and growers could use it for more than one growing cycle.
Leaves dry mass
Dry matter accumulation in leaves was significantly affected by type of substrate (Figure 2 ). Peat substrate produced higher leaf dry mass as the other substrates. The clay aggregate resulted in significantly lowest leaf dry mass. These findings are not in agreement with data obtained by previous researches. For example, Fotouhi Ghazvini et al. (2007) pointed out that low water retained in substrate decreased plant water level, which caused an increase of dry weight. On the other hand our results agree with those from Islam (2008) for tomatoes who reported that organic substrate produces higher leaf dry matter as compared to other substrates. However, it should be mentioned that the major drawback of peat is that it decomposes over a period of time. Thus, the grower must be aware of not only the growth of the plant but the changes in the substrate.
Yield components
As a function of plant growth, leaves number per plant was significantly affected by substrates. As the previous report mentioned 40, numbers of fully expanded leaves often reflect the technological maturity of lamb's lettuce plants. The data of leaves number is depicted in Figure 3 .
Our result showed that a perlite substrate significant increased the number of leaves per plant. After harvest, it was also noticed that leaves from plants grown in perlite were significantly higher (Figure 4) , than those from other substrates. This explains why experiment showed significance in mean fresh mass yield from plants grown in perlite. However, leaf number and rosette height were significantly correlated with leaves fresh mass yield, R = 0.82 and R = 0.84, respectively (data not shown).
Nitrate-N content
The concentration of nitrogen compounds in fresh yield of lamb's lettuce is another important parameter of the lamb's lettuce quality besides the biometrical characteristics. According to the literature (Tamme et al. 2006) , the accumulation of nitrate in plants depends on their genetic characteristics as well as on environmental factors (atmospheric humidity, temperature, day or light intensity, photoperiod) and agricultural factors (type of soil, temperature or water supply, harvesting time, nitrogen supply and chemical forms, availability of other nutrients, use of herbicides). All factors influencing the nitrate uptake, translocation and assimilation processes may affect nitrate concentration in plant tissue (Mirecki et al. 2015) .
Nitrate, once ingested, may be converted to nitrite, resulting in the formation of a compound, harmful to human health (methemoglobinemia and nitrosamines). Acceptable leaf nitrate concentrations in vegetables are set by legislation. For example, guidelines have been set for nitrate content for lamb's lettuce in Germany (2.500 mg NO3 kg -1 fresh weight) and Belgium (3.500 mg NO3 kg -1 fresh weight) (Santamaria 2006). As we have seen in Figure 5 , the nitrate content was significantly lower in the leaves of plants grown in peat than that in other substrates. This observation indicated that the nitrification in organic substrate was seriously inhibited. According to Bill et al. (2010) , the difference of nitrification between in organic and inorganic substrates should be attributed to the difference of the porosity between those substrates because the inorganic substrates are very porous and rich in O2.
In conclusions, the development of soilless culture for vegetables in Slovenia is strongly linked to the accurate choice of growing media from technical, economical and ecological reasons. Our experiment indicates that lamb's lettuce production in greenhouse on artificial substrates could be an alternative at the soil culture because it allows the possibility of improved yields and provides better management of inputs, adapted to specific conditions of substrates.
